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vvith the VSI) related to the aorta (10 cases), b) with the VSD related to the pulmonary trunk (one case), and c) with the 'Sil) related to both vessels (two cases). 3) with tricuspid valve abnormalities: a) with tricuspid atresia and stenosis with normalls related vessels (four cases), or aorta anterior (10 cases), b) with straddling or displaced tricuspid valve (two cases), or C> with Ebstein's anomaly (one case). Five surgical and four autopsied cases were of the complete form. From the surgical standpoint, it is important in DOLV to determine the interrelationship and origin of the great arteries, their relationship to the 'Si), and the location of the VSD in the ventricular septum. The presence of tricuspid valve abnormalities is emphasized.
DOUBLE OUTLET LEFT VENTRICLE (DOLV) is a condition in which both arterial trunks emerge completely or mostly from the morphologically left ventricle. This heart defect has been known to exist for many years,' but has been considered a rarity. In recent years patients with this malformation have been treated surgically,2 6 but few pathologic studies have been reported.' 2, 7, We undertook combined pathologic and surgical study of DOLV to further elucidate the anatomic facts which might be surgically important.
Materials and Methods
This study consisted of a gross pathologic examination of 24 hearts from the Congenital Heart Disease Research and Training Center and 13 hearts from the Armed Forces Institute of Pathology. The study also included a review of the morphology of the eight cases (seven of whom survived operation and are doing well) operated on from 1967-1978 at the University of Alabama Medical Center, Birmingham, Alabama. Only hearts with atrioventricular (AV) concordant connections were included in the study.
The atria and viscera were in situs solitus in each case. In the pathologic material all hearts were in levocardia. Two of the surgical cases had dextroversion.
The presence or absence of tricuspid valve anomalies was determined for each heart. The abnormalities included tricuspid stenosis, tricuspid atresia, displaced tricuspid orifice and Ebstein's anomaly. In displaced tricuspid orifice, both the mitral and tricuspid orifices enter the left ventricle completely, but there is a distinct right ventricle with a sinus and infundibulum. The 45 cases were considered in two groups, those with and those without tricuspid valve abnormalities. The hearts were also analyzed according to the position and interrelations of the great arteries. Two groups of cases emerged. In one, the aorta was to the right and at the same level as, or posterior and to the right of, the pulmonary artery in the coronal plane. This is the normal or near-normal interrelation of these vessels. In the second group, the aorta was distinctly anterior to the pulmonary artery either directly so, or to the right and anterior, or to the left and anterior. This group includes the positions of the great arteries that can be seen in simple, ordinary (d-loop) transposition of the great arteries.
The location in the septum of the ventricular septal defect (VSD) was determined. In addition to its location in the anterior or posterior septum, the points of reference were 1) the position of the VSD related to the efferent vessels, and 2) the relationship of the VSD to the tricuspid and mitral orifices and valves. There may be a defect beneath, or close to either vessel or both vessels in DOLV, which would be anterior (superior-cranial) to the tricuspid and mitral valves and might or might not be related to these valves. By related, we mean that the defect is close enough to either of these AV orifices, so that there is no, or negligible, muscle between the defect and the orifice; or that any of such defects might be separated from the tricuspid or mitral valves by muscle. This is important from the standpoint of the precise relation of the course of the conduction system to the edges of the VSD.
Results
The anatomic characteristics in relation to the position of vessels and the location of VSD of the 45 cases are summarized in table 1. The characteristics of the important subsets without tricuspid valve abnormalities are as follows:
With the aorta directly to the right or to the right and posterior to the pulmonary trunk with the VSD related to the aorta ( fig. 1 ). There were seven autopsied and three surgical cases. In the pathologic material, the pulmonary trunk emerged completely from the left ventricle. The aorta overrode the VSD with about one-and-one-half aortic cusps in each ventricle (that is, the aorta emerged about 50% from the left ventricle), or in some cases with a greater proportion in left ventricle. In the three surgical cases both vessels emerged completely from the left ventricle. In all 10 cases the pulmonary valve was stenotic and lay anterior (superior-cranial) to and removed from the VSD. In all the pathologic cases there was aortic-mitral continuity and in some cases tenuous mitralpulmonic continuity. The position of the VSD was as follows: As seen from the left side, the VSD faced the aortic orifice in an oblique manner and the defect was situated posteriorly adjacent to the mitral valve. There was very little if any pars membranacea detected grossly. In four cases in the pathologic material, the VSD was adjacent to the tricuspid valve. In two, a small amount of muscle separated the defect from the tricuspid valve, and in one there was a considerable amount of muscle between the two. In two of the surgical cases there was a slight muscle separation between the VSD and the tricuspid valve and in one no muscle separation. The architecture of the musculature of the right ventricle was as follows: The parietal band in all cases but one did not form an arch with the septal band, but it was anchored on the right side of the septal band adjacent to the VSD. The septal band in these cases consisted of a typical Y-shaped structure as seen in truncus arteriosus communis and pulmonary atresia with VSD. In the one exceptional case a slightly excavated arch was formed between the septal and parietal bands. Associated cardiac abnormalities in this group were bicuspid pulmonic valve (two cases), unicuspid pulmonic valve (one case) and subpulmonic stenosis (one case).
With the aorta to the right and posterior to the pulmonary trunk with the VSD confluent with the pulmonary trunk ( fig. 2 ). There were three cases of which two were obtained at autopsy. The one surgical case of this type was the only death among the surgical cases. In all three cases the aorta emerged completely from the left ventricle related to the mitral valve, while the pulmonary trunk overrode the septum over the VSD. There was no pulmonary stenosis in any case. The defect was present in the anterior septum. It excavated the arch (crista) formed by the septal and parietal bands and was anterior (cranial) to the mitral valve and the pars membranacea. A small amount of muscle in one case, and a considerable amount in the other two cases, separated the tricuspid valve from the defect. A small part of the parietal band separated the two arterial trunks. Associated cardiac abnormalities in this group were interrupted aortic arch (one case), bicuspid aortic valve (one case) and aortic stenosis (one case).
With the aorta to the right and posterior to the pulmonary trunk with the VSD related to both arterial trunks ( fig. 3 ). There were two autopsied cases. Here the aorta emerged completely or almost completely from the left ventricle while the pulmonary trunk emerged partially from the left ventricle. The VSD was anterior and separated from the mitral valve and pars membranacea, and lay beneath the right and left coronary cusps, and excavated the arch (crista) formed by the septal and parietal bands. A small amount of muscle separated the tricuspid valve from the defect in one case, and a large amount of infundibular muscle separated it from the defect in the other. The defect was separated from the mitral valve and pars membranacea by muscle. There was no muscle between the aorta and the pulmonary trunk.
Associated cardiac abnormalities in this group were absent transverse arch (one case), bicuspid aortic valve (one case) and aortic stenosis (one case).
With the aorta anterior and to the right, directly anterior, or anterior and to the left of the pulmonary trunk, with the VSD confluent with aorta ( fig. 4 ). There were eight autopsied and two surgical cases. Here the pulmonary trunk emerged completely from the left ventricle with the aorta emerging mostly from the left ventricle. The aorta overrode the septum over the VSD often with a straddling conus. The aorta was anterior and to the left of the pulmonary trunk in seven, directly anterior, or anterior and slightly to the right in three, and in one the vessels were side by side with the aorta to the left. Mitral-pulmonic continuity was present in six of the autopsied cases, and both mitral-pulmonic and mitral-aortic continuity in two. Nevertheless, there was a distinct infundibulum for the pulmonary trunk. The orifice of the latter was stenotic in six cases, and situated posteriorly or postero-distally (downstream) to the VSD. The ventricular septal defect was anterior to the tricuspid valve and separated from it by no, or a varying amount of, muscle. It was thus related to the tricuspid valve in five cases, and related to both tricuspid and mitral valves in one. It was not related to either AV valve in the remainder, and was anterior to both. We noted the parietal band proceeding into the left ventricle in six autopsied cases so that an arch was not formed by the septal and parietal bands. In two cases a partial arch was formed. The septal band was Y-or U-shaped, and held the VSD in its arms. One surgical case was in dextroversion (situs solitus atria and viscera and d-loop). Associated cardiac abnormalities in this group were bicuspid pulmonic valve (five cases), patent ductus arteriosus (PDA) (one case), and juxtaposition of the atrial appendages (one case). With the aorta anterior and to the right of the pulmonary trunk with VSD confluent with the pulmonary trunk. There was one case in this group. The aorta overrode the septum over a straddling conus, while the pulmonary trunk arose from the left ventricle. Pulmonary stenosis was present. The VSD lay anterior and adjacent to the tricuspid valve and removed by muscle from the mitral valve. There was a bicuspid pulmonic valve.
With the aorta anterior and to the right of the pulmonary trunk with VSD confluent with both vessels. There were two autopsied cases. These cases were identical with the group with the VSD confluent with the aorta, but there was no muscle separating the aorta and the pulmonary trunk. The aorta was to the right and anterior and the pulmonary trunk to the left and posterior in both. Both were associated with pulmonary stenosis. In both cases the VSD was in the anterior septum. It was related to the tricuspid valve and separated by muscle from the mitral valve. An associated cardiac abnormality in this group was bicuspid pulmonic valve (one case).
The characteristics of the subsets with tricuspid valve abnormalities are as follows:
With tricuspid stenosis or atresia with the aorta to the right and posterior to -the pulmonary trunk.* There were four hearts, two with tricuspid stenosis. In all cases the aorta was to the right and posterior and the pulmonary trunk to the left and anterior. In those with atresia, the aorta came off completely from the left ventricle unrelated to the defect with aortic-mitral continuity. The pulmonary trunk overrode the septum over the VSD emerging about 50% from each ventricle. There was an overriding conus, with the parietal band proceeding into the left ventricle. The VSD was large and anterior. It was anterior to and unrelated to the mitral valve.
In one case with tricuspid stenosis the aorta emerged mostly from the left ventricle with a straddling conus. The pulmonary trunk overrode the septum coming off the left ventricle by 50-60%. Here again, as in tricuspid atresia, there was an overriding conus with the parietal band proceeding into the left ventricle. The VSD was separated from the tricuspid and mitral valves by considerable muscle. It was related to both the aorta and pulmonary trunk. In the other case with tricuspid stenosis, there was no VSD.t Both the aorta and the pulmonary trunk emerged completely from the left ventricle. The aorta and the pulmonary trunk were side by side with the aorta to the right of the pulmonary trunk. Both vessels were related to the mitral valve.
Associated by muscle from the mitral valve. Where the defect extended more posteriorly, there was a straddling conus with the parietal band passing into the left ventricle. Thus the aorta emerged from both ventricles but came out mostly from the left, while the pulmonary trunk arose from the left ventricle related to the mitral valve. In the case with tricuspid stenosis, the defect was not related to the tricuspid but related to the mitral valve. Associated cardiac abnormalities were bicuspid pulmonic valve (one case), subpulmonic stenosis (one case), juxtaposed atrial appendages (one case) and an additional VSD (one case) located in the muscular septum towards the apex.
With displaced tricuspid orifice, with the aorta anterior, or anterior and to the left of the pulmonary trunk. There were two autopsied hearts. The aorta straddled the ventricular septum over the defect. The pulmonary trunk emerged from the left ventricle related to the mitral valve. Pulmonary stenosis was present in one. The VSD was large and anterior. It was related to the tricuspid valve in one case, but not related to this valve in the other. Associated cardiac abnormalities were: PDA (two cases), subaortic stenosis (one case), cleft aortic leaflet of the mitral (one case), fetal coarctation (one case) and subaortic stenosis (one case).
With Ebstein's anomaly. There was one autopsied case ( fig. 5 ).* In this remarkable case the aorta emerged completely from the left ventricle over a well developed conus. The pulmonary trunk overrode the septum over a posteriorly placed VSD, but emerged mostly from the left ventricle. The aorta was anterior and to the right of the pulmonary trunk and the latter was related to the mitral valve. cases of DOLV.
Since DOLV does not require that a VSD be beneath the efferent vessels, we expect that a VSD in every possible position will probably sometime be seen. Complete AV canal with DOLV is theoretically possible. The absence of a large VSD beneath the efferent vessels does not pose the same problem as it does in double outlet right ventricle with AV concordant connection because in DOLV, the repair of the VSD does not also have to construct a pathway for left ventricular-aortic blood flow. Furthermore, a right ventricular-pulmonary artery pathway is easily provided by closure of the orifice of the pulmonary artery and insertion of a valved external conduit. Thus the VSD repair does not have to be done so as to provide for this pathway.5 Rarely, as in Sakakibara's case, the location and size of the VSD and its relations to the great arteries allow repair of the VSD which also provide internally for right ventricularpulmonary artery blood flow. 6 Just as in double outlet right ventricle, there are cases with mitral stenosis and atresia (25 of 133 cases),tS15, 16 so DOLV is seen with tricuspid stenosis and atresia (17 of 45 cases).7 Thus, when mitral atresia or stenosis is present, there is a tendency in some cases for the posterior efferent vessel to move anteriorly and to the right. Where there is tricuspid atresia or stenosis there is a tendency for the anterior efferent vessel, whichever it is, to move posteriorly and to the left.
The complete form of DOLV is rare. Usually there is an incomplete form with one or both vessels overriding. In general, there is a spectrum of positional variations of the efferent vessels, including tetralogy of Fallot, double outlet right ventricle and complete regular (d-) transposition. Within this spectrum lies DOLV. Speculatively, all these may be subsumed under the concept of abnormal absorption of the bulbus embryologically, and its concomitant abnormal right deviation of the atrial canal. '7 Finally, in all our cases the atria and viscera were in situs solitus. Others" 12 have reported patients with situs inversus totalis and concordant AV connections.
